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THE FEEDING HABITS OF GAMBUSIA AFFINIS AFFINIS,
WITH SPECIAL REFERENCE TO THE MALARIA MOS-
QUITO, ANOPHELES QUADRIMACULATTJS J
BY
A. D. HESS AND CLAEENCE M. TARZWELL
(Received for publication June 19th, 1941)
INTRODUCTION
The viviparous top minnow, Gambusia
affinis affinis (Baird and Girard), has
for many years been considered an im-
portant predator of the immature stages
of mosquitoes. Various field workers
have reported on the value of this spe-
cies in controlling both anopheline and
culicine mosquitoes, but few detailed
studies have been made. Probably the
most detailed of these has been that of
Hildebrand (1925). His investigations
were made during the summers of
1921-24 in the vicinity of Augusta, Ga.,
with the subspecies G. affinis holbrooki.
Employing the common dipper method,
he compared the densities of anopheline
and culicine larvae and pupae in waters
containing Gambusia with those from
which Gambusia had been removed.
The areas containing Gambusia invari-
ably contained fewer mosquitoes than the
fishless waters, although in no instance
did complete control result from their
presence. The total reduction of culi-
cines was 80.8 per cent, and of ano-
phelines 57.8 per cent. For both
anophelines and culicines, the per cent
reduction of pupae was greater than for
larvae, being 74.2 per cent for anophe-
lines and 85.5 per cent for culicines.
During 1918 and 1919, L. L. Howard
(1920) made observations on the effec-
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tiveness of Gambusia affinis in control-
ling anopheline and culicine mosquitoes
in Hinds County, Mississippi. Anopheles
punctipennis was the most abundant
species of Anopheles in the area studied.
He stated that though the experiments
were not extensive enough to justify
definite conclusions, they did justify sub-
stantial hopes for the future of control
by fish. Included in his report is a re-
view of the important literature on the
use of Gambusia for mosquito control
published prior to the time of his obser-
vations.
Many other articles have been pub-
lished which give opinions or report on
casual observations on the effectiveness
of Gambusia as a predator of Anopheles.
In these various articles, the most fre-
quently mentioned factors influencing
the effectiveness of Gambusia are amount
and type of aquatic vegetation and de-
bris, density of Gambusia, and the pres-
ence or absence of natural enemies of
Gambusia.
Gambusia is the most conspicuous and
one of the most abundant of the natural
predators of Anopheles in the waters of
the Tennessee Valley reservoirs. Be-
cause of this and because of the lack of
agreement concerning its value in con-
trolling anopheline mosquitoes, Gam-
busia was selected from among other
predators to receive special study in the
investigations conducted by the Tech-
nical Committee on the Relation Between
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Mosquito Control and Wildlife Conser-
vation (Bishop, 1940) during the sum-
mer of 1940. A summary of all invesi-
gations conducted by this Committee
during 1940 is now in press. The pres-
ent investigations were conducted on
Wheeler Reservoir in the vicinity of
Decatur, Ala., during the period extend-
ing from June 12th to September 20th,
1940.
In addition to the writers, the follow-
ing persons assisted in the investiga-
tions: Messrs. W. K. Lawlor, L. F.
Miller, and W. J. Hayes, Jr. Other in-
dividuals associated with the work of
the Technical Committee helped with
various phases of the study.
METHODS
The effectiveness of a predator in re-
ducing the numbers of a species of prey
is mainly dependent upon two things,
the biotic potential of the predator, and
the specificity or preference which the
predator shows for the prey. The ra-
pidity with which Gambusia has become
abundant in the newly impounded
waters of the Tennessee Valley indicates
a biotic potential fully sufficient for ef-
fective predatism. It follows that the
effectiveness of Gambusia as a predator
of anopheline larvae and pupae will be
largely dependent upon the extent to
which it prefers Anopheles to other or-
ganisms. Thus, Gambusia would be an
ideal predator if it preferred Anopheles
to all other organisms and yet could sub-
sist on other organisms in the absence of
Anopheles. Sweetman (1936) states
that, "if parasitism and predatism were
strictly specific, the problem of biolog-
ical control would be relatively simple.''
The forage ratio (Hess and Swartz,
1941) has been adopted as a measure of
the feeding preference of Gambusia for
anopheline larvae and pupae. The for-
age ratio is obtained by dividing the
percentage of a given kind of organism
in the stomachs by its percentage in the
environment. The formula may be ex-
pressed as follows:
where,
n = number of any organism in the
stomachs
N — total number of organisms in the
stomachs
n' = number of the same organism in
the environment inhabited by the
fish
N'= total number of food organisms in
the environment
Forage ratios may be calculated from
weight or volume as well as numbers; in
such cases, the proper substitution of
weight or volume for number should be
made in the above formula. Numerical
forage ratios were selected as the most
applicable and convenient for use in this
study.
A forage ratio of 1 indicates that an
organism is being taken at random ac-
cording to its relative abundance in the
environment; a forage ratio of more than
1 indicates that an organism is either
being selected in preference to other or-
ganisms, or that it is more available than
other organisms; and a forage ratio of
less than 1 indicates that an organism
is either less preferable or less avail-
able than other organisms. It should
be pointed out that if a particular group
of organisms shows a forage ratio dif-
fering from 1, eliminating it from the
study may change the size of the forage
ratios of the remaining groups, but it
will not materially change their relative
values. Thus, if it were desirable to
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know only the relative preference of
Gambusia for two particular groups of
organisms, only these two groups would
need to be considered in the study.
In order that the collections of fish
and food organisms used in calculating
the forage ratios might be made during
or soon after periods of feeding, pre-
liminary samples of Gambusia were col-
lected at 2-hour intervals during two
different 24-hour periods. Analysis of
the stomach contents of these fish indi-
cated a peak in feeding activity soon
after daylight, a decline to a minimum
in the late afternoon, and a lesser peak
in the evening. It was, therefore,
deemed satisfactory to collecf the samples
during the early forenoon.
A barrier seine (figure 1) was used to
enclose the plots used in the forage ratio
studies in order to insure that the fish
whose stomachs were examined had fed
in the same plot from which the samples
of food organisms were collected. After
making sure that sufficient Gambusia
were enclosed, the plot was left undis-
turbed for a period of from 1 to 3 days
before collections were made.
Samples of the population of food
organisms were collected by means of
the screen dipper and the strainer pan
(figure 2). The copper screening used
on the dipper and the strainer pan con-
tained 50 meshes to the inch, with open-
ings 0.34 to 0.38 millimeter in diameter.
The open end of the dipper was 4 inches
square. Dips 1 yard in length were
made at a depth of about 1 inch; thus,
each sample represented an area of 1
sq. ft. and a volume of about one-twelfth
cu. ft. From each plot studied, 30 or
more such samples were selected at ran-
dom in the following manner: a base
line along one side of the plot was
marked off in yard lengths to indicate
the origin of transect lines, each transect
line being designated by a capital let-
ter ; each transect line was then divided
in yard lengths, numbered consecutively
from the base line. The location of any
yard in any transect could then be
indicated by a separate symbol, such
as B5. The symbol for each yard was
written on a separate card, the cards
shuffled, and the necessary number
drawn to indicate the location from
which samples were to be collected.
When the samples were collected, a cane
pole marked off in yard lengths was
placed along the transect lines and dips
were made along side it at the locations
indicated by the symbols on the cards.
Each sample was washed from the dip-
per into the water in the strainer pan,
concentrated in a standard plankton
bucket, and washed into a sample bottle
for transfer to the laboratory. Im-
mediately after the samples of food or-
ganisms were collected, Gambusia were
taken from the plot by means of dip
nets and minnow seines and preserved
in a 10 per cent solution of formalin.
The plot was subsequently treated with
rotenone to secure additional Gambusia.
In the laboratory, the macroscopic or-
ganisms in each sample were picked from
the debris and placed in watch glasses
for counting and identification, which
was done under a binocular microscope.
After removal of macroscopic organ-
isms, each sample was reconcentrated,
placed in a graduated cylinder, and di-
luted to 100 cc. After thorough mix-
ing, 5 subsamples of 1 cc each were re-
moved and each of these was placed
separately in a Sedgwick-Rafter cell and
plankton counts made under the micro-
scope. Since the Entomostraca were the
only plankton organisms which could be
recognized in the fish stomachs, they
were the only ones which were counted.
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FIGURE 1. Barrier seine at Pryor Springs.
The coefficient of variation of the mean
of these counts was always less than 10
per cent.
The alimentary tract of each fish was
removed and placed in a watch glass.
The intestine was then severed at the
duodenal flexure and only the stomach
portion retained. The stomach contents
were removed and the individual organ-
isms were identified and counted under
a dissecting microscope.
Areas having the highest concentra-
tion of Anopheles were selected for
study; this made it possible to take
fewer samples and yet keep the standard
error within the desired limits of 10 per
cent.
Three general types of areas were used,
each one representing different ecolog-
ical conditions. The first type, repre-
senting protected bays of the main
reservoir, included the Spring Hill
Church and the Whiteside areas. The
water level in these areas fluctuated with
the main reservoir. The second type of
area, representing a bay of the reservoir
held at a constantly high water level,
was obtained by damming off Sweet-
FIGURE 2. Screen dippers and the strainer pan.
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GAMBPS1A FORAGE RATIO STUDIES
Summary for Spring Hill Church, June-18, and Vfhiteside, August 22 and September 20, 1940.
t ORGANISES
:Anopheles
iCulioini
:Ceratopogoaidae
iChironomldae
:Colaoptera
sHemiptera
lOdonata
•Annelida
:Miscellaneous
:Entomostraca
rTotals
s ORGANISMS
t Anopheles
:uulicini
:Ceratopogoaidae
iChironomidae
iColeoptara
iHemiptera
lOdonata
iAnnelida
•Misoellaneous
tEntomostraoa
: Totals
t ORGANISE
:Anophelas
siaiiiexni
:Ceratopogonidae
iChironomidae i
tColeoptera
iBemiptera
lOdonata
tAnnelida i
iMiscellaneous
iSntomostraoa
tTotals i
I Organisms
I Mean No.
i Per Fish
i .007
i .787
.948
1.62
I .052
.252
.297
.645
.619
12.5
17.1
Ln 155 Stomachs
i Per cent of
t Total
i .038
t 4.60
i 5.54
: 9.46
: .302
1.47
I 1.73
I .038
t 3.62
73.2
Summary for Sweetwater Au
Organisms Ln 120 Fish
s Stomachs
t Mean Ho.
: Per Fish
! .167
1.84
s .017
I 2.28
.017
.217
i" .050
t 0
.217
72.0
I 76.8
t Per cent of
s Total
.217
I 2.40
.022
2.96
.022
.282
t .065
0
.282
93.7
Summary for Pryor Springs Ret
Organisms :In 93 Fish
t Stomachs
i Mean No.
Per Fish
2.88
.839
.419
3.17
.065
.075
.011
0
.398
10.6
is". 5"
i Per cent of
i Total
15.6
4.54
2.26
17.1
.351
.405
.059
0
2.15
57.3
i Organisms
: foot
i liean No.
in 96 Square-
samples
•Per cent
i Per Sq. Ft. :of total
: .550
i 2.94
1 .271
s 24.9
I .708
I 2.43
1 2.85
7.88
I 21.4
: 161.8
r 228.4
• .241
1.29
.119
10.9
1 .310
1.06
1.25
3.45
9.37
70.8
j. 1 and Aug. IS, 1940
1 Organisms
: foot
: Mean Ho.
in 60 Square-
samples
1 Per SI. Ft.
1 2.13
: 5.63
1 .417
4.52
t 2.63
2.22
1 18.0
1.88
3.65
1 1191
1232
iring Pond,
Organisms
s foot
: Mean No.
Per cent
of total
.173
.457
.034
.367
.214
.180
1.46
.153
t .296
> 96.7
:
September 6 4
in 64 Square-
samples
Per Sq. Ft.
r 17.3
8.33
1.89
. 47.4
3.14
1.47
11.2
11.9
3.80
1486
1592'
Per cent
of total
1.09
.523
.120
2.98
.197
.092
.704
.747
.239
93.3
t
t
t
t
t
>
:
:
1
1
1
1
>
:
:
:
1
:
:
1
:
t
1
2
>
t
t
1
t
!
t
t
Forage Ratios 1
:
:
j
.158 1
3.57 >
46.6 :
.868 :
.974 1
1.39 !
1.38 1
.011 :
.366 1
1.03 i
Forage Ratios 1
1.25 :
5.25 t
.647 :
8.07 :
.103 :
1.57 1
.045 1
0 t
.953 t
.969 1
12, 1940
t
1
:
:
t
t
t
1
t
1
1
s
t
>
!
i
Forage Ratios 1
14.3 :
6.68 :
18.8
5.74 >
1.78 1
4.40 t
.084 :
0 :
9.00 t
.614 t
water Bay from the main reservoir in
the spring. The third type, represent-
ing an area newly impounded during the
late summer when terrestrial vegetation
was well advanced, was created by clos-
ing the valves at Pryor Springs rearing
pond, which had been drawn down dur-
ing the summer, and allowing the water
level to rise about 2 feet.
RESULTS
A summary of the results for each of
the three ecological situations is given
in the accompanying table. In the reser-
voir areas in which the water level
fluctuated, both Entomostraca and
macroscopic organisms, including mos-
quitoes, were less abundant than in either
of the other two situations. The Hemi-
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ptera had their greatest abundance in
these areas, due mainly to the presence
of large numbers of Trichocorixa burmei-
steri, a small corixid which apparently
thrives under the conditions of water-
level fluctuation which characterize the
Tennessee Valley reservoirs.
Under the conditions of constantly
high water level present in Sweetwater
Bay, both plankton and mosquitoes were
much more abundant than in the type
1 areas, though several macroscopic
groups, including the Chironomidae,
were less abundant. The Odonata were
more abundant than in either of the
other situations.
Under the conditions of summer im-
poundage present at Pryor Springs,
Bntomostraca and all major groups of
macroscopic organisms except Hemiptera
and Odonata reached their greatest
abundance. Both anopheline and culi-
cine mosquitoes were extremely abund-
ant, and anophelines were almost twice
as abundant as culicines, though in both
other situations culicines were more
abundant. Anopheles larvae had been
concentrated in the area by wind action,
and 195 larvae were collected in a single
square-foot dip taken in heavy flotage
near the area studied.
Predation on mosquitoes
The forage ratios for both anopheline
and culicine mosquitoes varied greatly in
the 3 situations studied. Examination
of the data given in table 1 shows that
the size of the forage ratio was directly
correlated with the population density
of the mosquitoes. This correlation is
illustrated in graph 1. The forage ratio
for Anopheles was 1 when the population
density was about 2 per sq. ft.; above
this point the forage ratio increased, and
below, it decreased. This would seem to
indicate that as Anopheles became more
abundant, Oambusia became more ac-
customed to feeding upon them and be-
gan to select them in preference to other
food organisms present; thus in the
Pryor Spring studies, when Anopheles
averaged over 17 per sq. ft., Gambusia
actually ate over 14 times as many as
would be expected from the relative
FO
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GRAPH 1. Correlation between density of
mosquito larvae and the size of the forage
ratio.
number present (one female 32 milli-
meter long contained 19 Anopheles
larvae). On the other hand, when
Anopheles decreased below the level of
2 per sq. ft., Gambusia apparently be-
came less accustomed to feeding upon
them and began to select other organisms
in preference to them; thus, at White-
side, on September 20th, the sampling
indicated a total of nearly 1000 larvae
within the enclosure, but the larval den-
sity was low (0.7 per sq. ft.) and the ex-
amination of 75 stomachs of Gambusia
did not reveal a single larva. In keep-
ing with the increased preference, as the
density of larvae increased, the average
number eaten per fish increased in
greater proportion than the increase in
density.
The forage ratios for culicines was also
directly correlated with their population
density; however, as illustrated in graph
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1, at equal population densities the for-
age ratio for culicines was one-fourth
greater than for anophelines, and not
until anophelines reached a density one-
third greater than culicines did they have
an equal forage ratio. This is in agree-
ment with the observations of most other
workers that Gambusia shows a greater
preference for culicines than anophelines.
It seems reasonable that their habit of
hanging from the surface and their
greater activity beneath the surface
would make the culieines more likely to
be preyed upon than the anophelines,
which usually lie flat against the surface
near some sort of flotage. At Pryor
Springs when the abundance of anophe-
lines was almost twice that of culicines,
this difference in preference was over-
come and Anopheles had a much higher
forage ratio than did the culicines.
The amount of Bntomostraca and
macroscopic organisms eaten by 1,018
fish is summarized according to sex and
size of fish in the following tabulation:
Males, 15-30 mm...
Females, 15-30 mm.
Females, 31-45 mm.
Females, 46-60 mm.
Average
no.
Ento-
mostraca
6.7
12.8
22.6
2.3
Average
no. macro-
scopic or-
ganisms
2.4
4.5
5.5
6.9
Macro-
scopic in
per cent
of total
26
26
20
75
These data indicate that males eat
only about half as much food as females
of the same size group, but that it is of
the same composition; medium-sized fe-
males eat more food than small females,
but their diet is similar in composition;
large females eat more macroscopic food
than small females, but less Entomo-
straca.
In the studies at Pryor Springs,
Anopheles made up the following per-
centages of the macroscopic food eaten:
males, 40 per cent; females less than 30
millimeters in length, 34 per cent; fe-
males more than 30 millimeters in length,
33 per cent. From these data and those
of the above tabulation, it appears that
Anopheles makes up a similar percent-
age of the macroscopic food of males and
all sizes of females, but it makes up a
higher percentage of the total food of
large females because these fish eat less
plankton than the other groups. Large
females are thus the most effective preda-
tors of Anopheles.
2 3 4
LARVAL INSTARS
PUPAE
GRAPH II . Influence of the state of develop-
ment of anopheles upon the size of the forage
ratio.
From the studies made at Pryor
Springs, forage ratios have been cal-
culated for the various instars and the
pupae of Anopheles. The information
is summarized in graph 2 and indicates
that Gambusia shows an increasing pref-
erence for the later instars, and an even
greater preference for pupae. No first-
instar larvae were found in the stomachs
of Gambusia, and it seems likely that
this stage is rarely eaten.
The data on mosquitoes indicate a high
positive correlation between relative
density (in per cent of total organisms)
and the size of the forage ratio; however,
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such a correlation is not apparent where
the absolute density is low. This would
indicate that when the absolute density
decreases below a certain level, the for-
age ratio will also decrease, even though
the relative density remains unchanged.
There was no apparent correlation be-
tween the number of Gambusia present
and the size of the forage ratio. Under
conditions of low anopheline density, low
forage ratios were obtained with both
high and low concentrations of Gam-
busia.
In general, as the population density
of Anopheles increased, the percentage
of the Gambusia population which fed
upon them also increased. In the type
I areas where the concentration of
Anopheles was about 0.5 per sq. ft., less
than 1 per cent of the fish fed upon them.
At Sweetwater, with larval concentra-
tions of about 2 per sq. ft., 12 to 14 per
cent of Gambusia fed upon them. At
Pryor Springs, under the conditions of
extreme concentration of larvae, a maxi-
mum of 86.5 per cent of the fish ex-
amined contained Anopheles. Under
conditions of low and medium concentra-
tion of larvae, few fish contained more
than a single larva while, with the high
larval concentration at Pryor Springs,
over 75 per cent of the fish ate more than
a single larva and almost 30 per cent
at more than 6 larvae each.
Predation on other organisms
The forage ratio for Estomostraea was
not significantly different from 1 in the
first two situations studied, but at Pryor
Springs the forage ratio of 0.61 was
significantly less than 1 even though the
concentration of Entomostraca was the
highest of all 3 situations. This would
indicate that Entomostraca are fed upon
through necessity rather than preference,
their forage ratio decreasing when macro-
scopic organisms become more abundant.
In general, correlations similar to
those made for anopheline and culcicine
mosquitoes were not apparent for the
other groups listed in the above table.
The reason for this seems apparent.
Each of these groups is a complex of
species, size groups, and life history
stages whose composition changes con-
tinuously throughout the season; but
mosquitoes, having few instars and short
life cycles, present a relatively uniform
composition throughout the season.
The high preference shown for mos-
quito pupae was also apparent for other
groups of Diptera, the high forage ratios
for Ceratopogonidae and Chironomidae
being caused by feeding on pupae. In
the studies at Whiteside on September
20th, 75 Gambusia were found to contain
145 Ceratopogonidae, all but 7 of which
were pupae. It seems likely that these
pupae were taken during the night or
early morning during periods of pre-
emergence activity. Probably because
most of these pupae either transformed
to adults or were eaten, few of them were
present at the time the samples were
collected later in the morning. In the
Pryor Springs studies of September 6th,
large numbers of Chaoborus larvae were
found in the stomachs but not in the
surface samples. It seems highly prob-
able that they were fed upon in the night
or early morning during a period of
migration into the surface waters. Pre-
daceous species of the subfamily Tany-
podinae at times constituted almost 50
per cent of the chironomid population,
and were eaten in considerable numbers
by Gambusia.
The water boatman, Trichocorixa bur-
meisteri, appears to be the most abundant
macroscopic species in the littoral waters
of the Tennessee Valley reservoirs.
Stomachs of Gambusia taken from such
areas were found to contain large num-
bers of this species, most of which Were
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nymphs. The activity of this species
makes it particularly susceptible to pre-
dation, and it probably consistently
forms a very important item in the food
of Gambusia.
The effect of seasonal history on the
forage ratio is well illustrated by the
Anisoptera. In the early part of the
season most of the dragonflies were ma-
ture nymphs too large to be eaten by
Gambusia; consequently, their forage
ratio was low. However, in the late
summer, young nymphs (mainly Ery-
themis simplicicollis) were abundant in
the surface vegetation and debris, and
large numbers of these were eaten by
Oambusia.
Most of the annelids found in the
studies were tube-dwelling species of the
family Naididae. Their tube-dwelling
habit apparently made them inaccessible
to Gambusia and they had the lowest
forage ratio of all organisms studied.
In general, the data indicate that
availability is more important than
ehoice in determining what organisms
will be taken as food by Gambusia. The
effect is a preference for medium-sized
species with more active and less secre-
tive habits.
SUMMARY
The feeding habits of Gambusia affinis
affinis were studied in Wheeler Reservoir
from June 12th to September 20, 1940.
The forage ratio was used as a criterion
of feeding preference. Three different
ecological situations were included in the
studies. The investigations involved the
collection and examination of 295 square-
foot samples of surface organisms, and
stomach contents of 1,018 Gambusia.
The data obtained indicate that the
size of the forage ratio for any particu-
lar organism, including mosquitoes, is
affected by various ecological factors,
including the species composition of the
population of food organisms, the rela-
tive density of the organisms, the ab-
solute density of the organisms, and the
state of development of the organisms.
Probably other factors, such as the
amount of protection for larvae, are also
important.
The size of the forage ratio for both
anopheline and culicine mosquitoes was
directly correlated with their population
densities, but when they were present in
equal numbers the greater preference was
shown for culicines. As mosquito densi-
ties increased, the number of fish eating
them and the number eaten per fish also
increased. The forage ratio for
Anopheles was 1 when the larval density
was about 2 per sq. ft. of water surface;
below this point it decreased and above
it increased, reaching a high of over 14
when the larval density was 17 per sq.
ft.
Male Gambusia ate only about half as
much food as females of the same size
groups, but it was of similar species com-
position. The amount of food eaten by
females increased as their size increased,
and the food of the largest fish contained
a higher percentage of macroscopic or-
ganisms. Anopheles made up a similar
percentage of the macroscopic food of
males and all sizes of females, but they
made up a higher percentage of the total
food of large females, because these fish
ate less plankton. Large females were
thus the most effective predators of
Anopheles.
For all Diptera, including Culicidae,
Chironomidae, and Ceratopogonidae,
Gambusia showed a much greater pref-
erence for pupae than for larvae, and a
greater preference for the later larval
instars than for the early ones.
The forage ratio for Bntomostraca was
lowest when both Entomostraca and
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macroscopic organisms were most ahun- availability is more important than
dant, indicating that they were fed upon choice in determining the extent to which
through necessity rather than choice. a particular kind of organism will be
In general, the studies indicated that taken as food by Gambusia.
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